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Abstract 
This paper address issues in the implementation of a model of Problem Based Learning (PBL) 
in a traditionally structured teacher education program.  Qualitative and quantitative data 
suggest that students are able to benefit from authentic learning experiences developed through 
PBL.  Three cohorts of preservice teacher education students introduced over two years to a 
model of PBL described as Enquiry and Action Learning (EAL).  This program was 
implemented in addition to traditional curriculum workshops and lectures.  The EAL sessions 
were designed to simulate an elementary school science curriculum planning committee and 
students were required to construct in groups an Instructional Program.  The issues that emerged 
related to ideal group sizes, the role of the facilitator in making explicit the model of EAL and 
idiosyncratic preferences related to individual learning styles and expectations of students.  The 
concerns identified inform those attempting to implement PBL in traditional courses. 
 
Introduction 
Problem based learning (PBL) has been a strategy that professional education has adopted for many 
years.  PBL has been advocated as essential for reform of educational practices in higher education 
(e.g. Margetson, 1994) and is increasingly accepted by students (Kingsland, 1996).  PBL provides 
an authentic learning environment in which the cognitive demands are consistent with the cognitive 
demands in the environment for which we are preparing the learner (Honebein, Duffy, & Fishman, 
1993). Students are collaboratively engaged in problem identification and solution built around 
problems that are personally meaningful, and hence motivating (Lee & Brophy, 1996). PBL fosters 
an environment where self-reflection, co-operation, problem solving, and responsibilities are 
integral to the learning process (Gijselaers, 1996; Norman & Schmidt, 1992; Savery & Duffy, 
1995).  PBL simulates the practices of a discipline and provides opportunities for students to engage 
in the practice of their discipline. This paper explores the implementation of PBL in a preservice 
science education methods course for elementary teachers. 
 
Theoretical background 
Like all teaching approaches the success depends very much on the expertise of the teacher and the 
expectations of the students.  Adopting practices that are strange or foreign is difficult for teachers 
but even more problematic for students who are often conservative in their expectations of what 
education is all about.  After all, they are the ones who have survived the practices of high school, 
which reinforces the view of knowledge being a commodity delivered from on high by the expert 
teacher.  Their experiences of learning reinforce a belief that the role of the student is to be 
compliant and an absorber of information to be recalled on demand during the end of semester 
exam and then promptly forgotten.  Such practices encourage surface rather than deep learning.  
However, professional education assumes that students develop a raft of skills that extend beyond 
knowledge accumulation. Students need to be empowered as to become professionals capable of 
engaging in effective negotiation, implementation and evaluation of action.   Carr and Kemmis 
(1983) describe professionalism in the following way: 
 
...that the methods and procedures employed by members of the profession are based on 
theoretical knowledge and research; that the members of the profession have an over-riding 
commitment to the well-being of their clients; and that individually and collectively, the 
members of the profession reserve the right to make autonomous and independent judgements, 
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free from external non-professional controls and constraints, about the nature of particular 
practices or courses of action to be adopted in any particular situation. (pp. 189 - 190) 
 
Hargreaves (1995) argues that professional knowledge (competence and effectiveness) are more 
than just the skills and knowledge of content and processes.  Those teachers are also engaged in 
further dimensions of practice that includes moral purpose, political awareness and emotional 
involvement. Fenstermacher (1990) considers teaching to be a moral activity.  Teacher development 
helps create the conditions of work and cultures of collaboration, in which teachers can develop, 
clarify, review, reflect on and redefine their purposes, missions and visions together. Knowledge of 
how children learn has also changed and with it there are greater demands on teachers to provide 
effective learning experiences.  It is becoming clearer that educational reform and innovation will 
depend on the capability of individual teachers and schools to work as communities (Fullan, 1993; 
Hargreaves, 1994).  Schools possess entrenched practices and individual cultures that are resistant to 
change and influence beginning teachers (Ginns & Watters, 1998).  The induction years of teaching 
are problematic – survival, and professional identification place enormous stress on beginning 
teachers who are unlikely to challenge the existing quo unless they are inducted in problematic 
situations in preservice programs. While the strains of becoming a new teacher are often viewed as 
ones of competence, mastery, developing routines, building a repertoire, establishing a reputation 
and so forth learning how to handle the emotional responses was as important as learning how to 
conduct tasks, meet new experiences, make judgments, build relationships or assimilate new 
knowledge (Tickle, 1991). 
 
An area of particular concern and the focus of this paper is the teaching of science.  Many 
preservice teachers doubt their ability to teach at a conceptual level or to use hands-on experiences 
in classroom settings (Kahle, Anderson & Damjanovic, 1991; Manning, Esler & Baird, 1982; 
Mechling, Stedman & Donnellan, 1982; Stevens & Wenner, 1996; Tilgner, 1990). The teaching of 
science in elementary schools continues to be singled out as a major source of concern for a number 
of stakeholders (ASTEC, 1997; Weiss, 1994). Apprehensions about science are sustained 
throughout the professional career and hence many classroom teachers feel uncomfortable and 
unqualified when asked to teach science (Abell & Roth, 1991).  Teachers’ beliefs and attitudes 
about science teaching may be set firmly prior to entry into a preservice program as a result of their 
science-related experiences in elementary and high schools (deLaat & Watters, 1995; Watters & 
Ginns, 1995).  Experiences that enable preservice teachers to achieve positive, relevant and 
successful learning outcomes and to develop the confidence to become effective teachers of science 
and professionals with a disposition towards lifelong learning require reform of preservice 
education.  
 
Aims 
The aims of this study were: 
• To develop a PBL based learning environment in a preservice teacher education program  
• To monitor learning experiences and identify affordances and constraints in implementing a 
PBL course 
• To monitor affective changes – particularly students’ sense of self-efficacy as teachers of 
science in elementary schools. 
 
Context 
This study was undertaken in a major Australian university during 1999 and 2000.  Two groups 
each comprising approximately 250 students and a third group of Post Baccalaureate students 
comprising 110 students were studied.  The students were studying a core Science Methods Unit 
(course) in the third year of their four-year Bachelor of Education program or in the case of the Post 
Baccalaureate students in the final semester of a two-year program.  These groups will be referred 
to as Cohorts 1, 2 and 3 respectively. This course is conducted over nine weeks with four hours of 
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class contact per week.  The content of the course is concerned primarily with strategies for the 
planning, resourcing and implementation of science programs in primary schools, which covers 
children from Grade 1 through Grade 7 – approximately five years to eleven years of age.  The 
program of study leading to the Bachelor of Education comprises 32 units (courses) including 
practice teaching over four years in the case of Cohorts 1 and 2 and a 16 unit program over two 
years for the Post Baccalaureate group or Cohort 3.  Departmentalisation of the Faculty does not 
encourage extensive consultation among teaching staff and few co-ordinated efforts are made to 
develop innovative and effective teaching practices.  This course is the only component of the 
degree program that adopts any strategies modelled on PBL.   
 
It is also important to note that although this is a core unit in the course, students exhibit anxiety 
concerning the prospect of teaching science (Watters & Ginns, 1995).  Implementing a model of 
PBL is seen as a strategy for enhancing the relevance of the course and to provide opportunities for 
students to develop more positive dispositions to study of science teaching. 
 
There are many forms of PBL.  The strategy adopted in implementing PBL in this Science 
Education course was constrained by the context and existing program structure.  The compromise 
involved the establishment of ten groups each of which were co-ordinated by an instructor or 
facilitator.  The sessions were termed – Enquiry and Action Learning (EAL) sessions (Burgess, 
1992) – to avoid the notion of a “problem”.  Indeed, the emphasis in the EAL is on students 
contributing to, as well as learning from, their peers.   The importance of collaboration in the 
teaching profession is also an explicit justification for this approach.  The development of skills of 
genuine professional collaboration is an important and identified component of the curriculum for 
the course.  EAL is characterised by four related components: a problem-based approach, learning 
in groups, strategies to encourage self-directed learning, and a balance between propositional, 
process and personal knowledge (Eraut, 1994). 
 
In preparation for the program facilitators were briefed on problem-based learning and on the 
special characteristics of EAL.  The stages of the intervention that formed part of the instructional 
strategies of the unit are now described.  Students also attend lectures and curriculum workshops in 
which they explore teaching strategies and resources. 
 
Stages of Intervention 
The EAL program is implemented in four phases.   
Phase 1, Week 1.   
Students assembled as they would for regular tutorial groups.  Students had been advised before 
attending about the EAL strategy by e-mail and were counselled to negotiate groups before 
attendance. One facilitator, after introductions, presented the scenario and led the discussion session 
in which the specific problems and tasks were identified.  Each session lasted approximately one 
hour.  A typical scenario took the form of the following situation: the student might be assigned to a 
new school and are immediately required to develop a science program for the first term of the year.  
In this task they would be expected to work with year level staff on that year’s program but co-
ordinate it with the rest of the school program.  Each school was detailed and the characteristics, 
social circumstances, difficulties, location and needs of the children were described.  The students 
formed into year level groups of about 4 by free choice and were expected to negotiate to produce 
an instructional program (IP) that was appropriate for that year level and type of school.   
 
Phase 2, Week 2-3 
The first task that needed to be addressed was the investigation of a child’s understanding of 
science.  This case study was intended to provide information about the level of content that is 
suitable for a particular age. The students were required to identify a child of appropriate age for the 
grade level they are planning for, develop a method to probe that child’s understanding and then to 
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carry out the method. A restricted concept area was investigated as the base for the unit of work.  
The data collected from the child were analysed and reconciled with literature findings.   
 
Phase 3, Weeks 4-6 
After the facilitator reviewed the outcomes for Phase 2, the major task in the third phase was to 
develop the unit of work that addressed the teaching of the selected concept.  In this process, 
students needed to collaborate on developing a rational in which the instructional approach was 
outlined, and lesson plans and assessment strategies identified.  There was a need to ensure any 
contextual features of the school they were planning for were addressed.  Students were encouraged 
to consult with practicum teachers or other resource personnel. 
 
Phase 3, Week 7-8 
The students prepared a group Instructional Program that assembled all the components of a 
worthwhile science program in which content and process of teaching were addressed.  The 
facilitator provided support to clarify assessment criteria and to emphasise the value of the program 
as a longer-term product.  The group prepared a brief synopsis and shared it with colleagues at a 
formal oral presentation.  During this phase the process was reviewed to identify features that have 
worked well and features in need of improvement. 
 
The Study 
 
Design 
This research has assumed an action research tradition.  Action research is characterised by an on-
going dialogical process of sense making, critical introspection and proactive change and focuses on 
change for improvement (Carr & Kemmis, 1986).  The study is ongoing and builds on previous 
research that addressed collaborative learning and attitudes (Ginns & Watters, 1999; Watters & 
Ginns, 2000).  
 
Sources of data included: pre-test and post-test implementations of a Science Teaching Self 
Efficacy Instrument (Enochs & Riggs, 1990), formal university evaluation questionnaires, 
transcripts of e-mail discussions between students and teaching staff, facilitator records and diary 
notes, open-ended questionnaires implemented during and after the conclusion of the unit, post 
implementation focus groups, artefacts including student programs and student achievement scores. 
Qualitative data analysis involved coding using a constant comparative methodology (Strauss & 
Corbin, 1990).  Analysis of the data enabled the examination of relationships between teacher efficacy, 
patterns of behaviour students’ assertions and concerns about their learning experiences. 
 
Results 
Action research methodology is to some extent opportunistic.  Data are collected in the context of 
an ongoing intervention. Hence, data collection in one cycle of action informs data collection in 
subsequent cycles.  Opportunities for extensive data collection are also constrained by time and 
availability of students.  Thus, in the three implementations, data collection has guided by questions 
that have emerged in previous episodes of review. 
 
Cohort 1. 
The first implementation of this approach was implemented as described above. Analysis of focus 
group interviews held with 16 students at the conclusion of the course indicated that the initial 
attempts at EAL were poorly accepted by students – “the whole problem of getting people together 
anyway, you know, was a great problem” although they recognised the importance of the approach 
“I understand the whole idea of having the 8 people working together, because this is what we have 
to do as professionals.”  Inconsistencies among tutors were also impacting on the confidence of the 
students “So each week you went you were told something different.”  Concerns about 
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collaboration and motivation were also raised by students “everybody has a different academic 
standard and expectation and some people have a higher work ethic”.  However, students did assert 
that they were comfortable with a leadership role in science teaching because they were compelled 
to take a more proactive role in understanding science methods: “I think I did learn a lot actually 
about children’s ideas and some different strategies and ways to teach them, but I learnt more … on 
my own.”  No significant changes were observed in the self-efficacy of students in the first 
implementation.   
 
Emerging from this implementation were a number of primary concerns.  First, the preparation and 
quality of liaison among facilitators were critical.  Although the facilitators were high quality, 
experienced teachers, and were able to cope with the issues of content that were raised, they were 
inexperienced in facilitation a problem-based approach to learning.  Hence, they failed to convey 
messages to students about the roles and responsibilities of various stakeholders.  This concern was 
addressed by further professional development.  Unfortunately, two of the four facilitators were 
unavailable for the second cohort necessitating the training of two new facilitators.   
 
The issue of group size was the most contentious issue.  The concerns had been addressed by a 
variety of strategies during the program but to avoid similar issues in the second cohort the size was 
reduced to a maximum of four per group.   
 
Cohort 2 
Adjustments to the implementation of EAL for cohort 2 included adjustment of the maximum group 
size to four students.  Each facilitator retained responsibility for supporting between six and seven 
groups per EAL session.   
 
This cohort was surveyed at the commencement and conclusion of the program using the STEBI 
instrument to ascertain changes in self-efficacy.  The quantitative data derived from the STEBI 
survey demonstrates a positive change in science teaching self-efficacy.  As a whole, the course is 
enhancing students’ confidence in their ability to teach science.  This is a reaffirming finding but it 
is not necessarily attributable to the EAL sessions.  In curriculum workshop sessions, a number of 
other strategies are implemented that are viewed favourably by students (Watters & Ginns, 2000).  
The data confirm that particularly for students starting with low levels of self-efficacy the course 
does produce meaningful changes.   
 
Table 1 
Science Teaching Self-Efficacy 
Cluster Number of students Mean change Effect size 
High 46 1.2 30% 
Low 72 5.1 98% 
Extreme low 2 9.5 600% 
 
The extent to which EAL sessions contribute to this change can be gleaned from qualitative 
feedback derived from open-ended questionnaires, field notes and comments on formal evaluation 
of teaching instruments.  Approximately 160 of the 245 students were surveyed and 112 valid 
returns were received.  Surveying was done during the final EAL session.  Four groups were not 
surveyed as time pressures to complete reporting prohibited data collection.  Some students did not 
complete forms or returned essentially blank forms. 
 
The questionnaires was structured as a simple request to identify the positive and negative attributes 
of the EAL sessions as an aid to learning about the teaching of science.  An opportunity was also 
given to make any general comment.  The data were compiled into a single document and subjected 
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to constant comparative analysis procedures (Strauss & Corbin, 1990).  The concerns were 
clustered into seven categories.  Eighty-six discrete responses were received highlighting a main 
concern.  Impacting on the evaluation of the EAL sessions was the mode of assessment (Figure 1).  
In this course assessment is based on a portfolio in which students assemble evidence in support of 
their achievement of course objectives and they present, as the product of the group EAL sessions, 
an Instructional Program.  Categories 2 and 3 reflected some confusion about the exact 
requirements and criteria for assessment.  Although considerable detail had been provided in the 
form of criteria sheets, checklists and theoretical justification of assessment methods in the course 
resource manual, students often sought more explicit instructions for content.   
 
 
0
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1 2 3 4 5 6 7
Categories
%
 
 
a
1 Listening and sharing ideas with
other teams – time wasted
2 Ambiguity and concerns about
portfolio
3 Ambiguity about purpose of EAL
and assessment and relationship to
rest of unit
4 Group dynamics and organisation
5 Time available to work on problem
of developing instructional package
6 Concerns about content or lack of
content
7 Concerns with ambiguity, lack of
direction
Figure 1.  Range of concerns identified by cohort 2. 
The major concerns confronting students were two interrelated factors.  Time for many was wasted 
in EAL sessions where there was a perception that students had to listen to other groups.  For 
example one respondent stated: 
 
Too much discussion about where everyone is at and not enough time to work on our units of 
work. Although it’s good to know what other groups are doing, it’s not useful to our own 
development. 
 
Although it was argued that group work was an important learning experience underpinning the 
development of team skills essential for future professional life, a reasonable number of students 
argued that they preferred to work alone or to liase with only their own group.  The related concern 
(Category 7) suggested that EAL sessions were valuable but too short: 
 
I feel that I would benefit more if the EAL sessions were longer. This would allow for greater 
exploration of concepts for better understandings. 
 
Group dynamics (Category 4) was far more positive than that experienced by Cohort 1.  Most 
groups seemed to work reasonably well but some concerns were related to lack of participation, 
lack of suitable meeting times or dominant personnel.  For example, one student lamented the lack 
of collaboration by peers: 
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Group doesn’t show up – lack of participation in last few weeks making task difficult. 
 
The extent of this concern became more evident towards the end of semester when a number of 
students approached the course coordinator with stories concerning lack of attendance by some of 
the group and a sense of uneven commitment to the tasks.  This required renegotiation of 
assessment requirements and some negotiation with all team members by the coordinator. 
 
A total of 103 positive comments were received (Figure 2).  The most support related to a sense of 
shared learning.  For example, typical responses included: 
 
Gives a chance to hear what other groups are doing (This is good to get some stimulus or 
ideas for your own group). 
 
Good opportunity to communicate with peers about the teaching of science, and/or the 
instructional package 
 
This endorsement countered the main concerns indicating a somewhat polarised view of the value 
of the collaboration group problem solving.  Other features that were seen as useful related to the 
content learnt and the interactions with facilitator to support learning.  A quite small proportion of 
respondents identified any value in EAL as a simulation.  However, those who did described it in 
terms of supporting their real world learning. Nevertheless, there was a broad consensus emerging 
in the responses that endorsed the approach: 
 
Science isn’t a strong point for me, so the EAL sessions and working on the instructional package helps 
get an understanding and ideas on how to teach science. 
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Category 
%
 
1 Learning about teaching – 
content, syllabus and strategies 
2 Interactions with tutor, goal 
setting, feedback. 
3 Organised meeting time within 
timetable 
4 Shared learning experience 
5 General comments about 
interesting, helpful and setting 
frame of mind. 
6 Simulates real life teaching, 
working in groups and application 
to classroom 
7 Student centred learning 
8 Efficiency, organisation and 
preferred style 
 
Figure 2. Categorisation of positive comments. 
 
A number of external issues impacted on the engagement of Cohort 3 – the Post Baccalaureate 
group.  This group was more extremely polarised with a substantial number of students valuing the 
EAL for the opportunity to have a fixed meeting time to discuss planning issues with a teacher 
while a proportion found the collaboration unnecessary. Most comments were along the lines that 
the time was useful for working on the Instructional Program and that, being able to consult the 
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tutor, clarified matters.  Some found it useful to have a fixed time made available or time-tabled to 
allow for meetings.  
 
Cohort 3 
In summarising Cohort 3, the experience was mostly positive and EAL sessions were seen as a 
useful strategy.  This particular cohort of students was under considerable pressures from a range of 
perspectives because it was the first implementation of the program. Anxiety concerning assessment 
and knowing exactly what was needed to meet assessment requirements dominated much 
discussion.  A proportion of students was unsettled and critical that the EAL sessions were time-
tabled at the end of a ten-hour day.  One significant change was the secondment of a classroom 
teacher to work with the group.  Although one of the facilitators was a teacher, he was no longer 
full time in a classroom having decided to undertake a PhD.  The inclusion of a working 
professional was highly valued in that session. 
 
Few noted that the Instructional Program was an integral part of learning to teach science.  
Collaboration was seen as an important feature as it “gave lots of new ideas – working together 
helped focus thinking”.   Similar negative features concerning time and organisation were evident 
but to a lesser extent.  The dominant concern was the timing of the EAL session at 5pm. 
 
Two interesting but subtle comments were noted that was reflected in a number of anecdotal 
episodes.  Students were inclined to expect that the facilitators would be more directed.  When the 
facilitators were not forthcoming with quick answers or clear directions students became frustrated 
and sought advice elsewhere or resorted to a book. Their responses were quite scathing of the tutor 
and the EAL system.  Although this attitude was not noted in Cohort 2, it was as indicated above 
prevalent in Cohort 1. 
 
Summary 
The implementation of a PBL based learning environment in a preservice teacher education 
program raised a number of pedagogical issues but paradoxically was effective in helping some 
students to adopt a deep approach to learning and enhanced confidence to teach science.  The first 
implementation (1999) highlighted a number of important practical issues – group sizes, tutor 
preparation, communication of objectives, and timetabling issues.  These were partially addressed 
in the second implementation (2000) with some success. The third implementation built upon the 
second and achieved a high level of satisfaction and engagement in collaboration with quality 
products being produced.  An issue that remains unresolved concerns the broader objectives of 
acknowledgement of the EAL sessions as simulations of professional practice.  A small number of 
students acknowledged the relationship but most remained somewhat extrinsically motivated and 
focussed on assessment and grade acquisition. 
 
A number of key factors facilitated and constrained the development of PBL.  Initial attempts were 
poorly accepted by students – “the whole problem of getting people together anyway, you know, 
was a great problem” although they recognised the importance of the approach “I understand the 
whole idea of having the 8 people working together, because this is what we have to do as 
professionals.”  Inconsistencies among tutors were also impacting on the confidence of the students 
“So each week you went you were told something different.”  Concerns about collaboration and 
motivation were also raised by students “everybody has a different academic standard and 
expectation and some people have a higher work ethic”.  However students did assert that they were 
comfortable with a leadership role in science teaching because they were compelled to take a more 
proactive role in understanding science methods: “I think I did learn a lot actually about children’s 
ideas and some different strategies and ways to teach them, but I learnt more … on my own.”  No 
significant changes were observed in the self-efficacy of students in the first implementation.  
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Conclusion 
PBL has a long and relatively successful history in a key number of professional areas – medicine, 
architecture, nursing, dentistry and law.  There are few reports of PBL in teacher education 
especially in curriculum areas.  In this presentation, the concerns and issues that emerged in the 
implementation of PBL in the specific context of preservice elementary science teacher education 
have been discussed and implications for further planning and extension of the program explored.   
 
A primary concern is that the implementation has failed to be recognised by most students as a 
genuine simulation of a professional task.  This is despite the engagement of professionals as 
facilitators and the encouragement of students to liase with classroom practitioners.  
 
The implementation of EAL also raises a number of questions about the energy of academic staff to 
manage and support large numbers of students engaged in this format of learning.  However, the 
deeper learning outcomes noted and the preparedness of some students to begin to apply ideas to 
other curriculum areas is encouraging. 
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